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ABSTRACT
An experimental evaluation of the effects of free-stream turbu-
lence on the performance of a subsonic two-dimensional diffuser has
been made. Increases of the diffuser's static pressure recovery co-
efficient of 11.4 and 21.1 percent at total included divergence
angles of 12 and 20 degrees respectively were obtained when the
value of the inlet integral free-stream scale of turbulence in the
flow direction was at least 7.5 times larger than the inlet boundary
layer displacement thickness, and when the inlet total free-stream
turbulence intensity was at least 3.5 percent. It is hypothesized
that a larger scale of turbulence transmits the free-stream energy
to the wall more effectively and when coupled with large turbulence
intensities, are mechanisms which act to decrease the distortion and
delay separation within the diffuser.
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NOMENCLATURE
AR = diffuser area ratio, W2/VIl
b = distance between parallel walls of diffuser
bo = rod 'length
c = channel length
-2
Cp = static pressure recovery coefficient,(P2-Pl)/p 2U /2
Co = pressure loss coefficient across rods, AP O/ p U /2
D = rod diameter
f('w)	 fraction of turbulent energy in flow direction contained between
frequency w and w+dw
H = shape factor,d*/S**
L = diffuser wall length
n = number of rods
N = diffuser axial length
P = static pressure
3472 = total RMS Turbulence Intensity,(u'^ + v' 2 + w12)/3
r = radius of rod set geometry
Re = Reynolds number, UWl/u
Rx = free-stream autocorrelation coefficient in flow direction
at diffuser inlet
U' (X)	 u'(x	 - Ax)	 /	 u'2
Ry =	 free-stream crosscorrelation coefficient in y direction
S
s
at diffuser inlet,
u,(y)	 u '(y -
 Ay )	 /	 u'2
S =	 throat section dimension (see figure 2)
t =	 time
rt
u =	 average velocity in flow direction at diffuser inlet
u' =	 turbulence component in flow direction at diffuser inlet
U =	 mass average velocity at diffuser inlet
Um -	 average free-stream velocity in flow direction at diffuser inlet
v' =	 turbulence component in y direction at diffuser inlet )
W =	 diffuser width measured between diverging walls
W1 =	 turbulence component in z direction at diffuser inlet ;{
d* =	 boundary layer displacement thickness at diffuser inlet l
a
ii
d** = boundary layer momentum thickness at diffuser inlet
9 = divergence angle of diffuser wall
v = kinematic viscosity
Aye = free-stream scale of turbulence at diffuser inlet in
x direction,
rM Rx dx
O
Ay = free-stream scale of turbulence at diffuser inlet in
y direction,
1 "O	 Ry dy
O
P	 = fluid density
W = frequency, Hz
Subscripts
0 = location of rods
i	 = diffuser inlet (0.49141 upstream from beginning of
diffuser wall curvature)
2	 = diffuser exit
x	 flow direction
y	 = direction normal to the flow and parallel to the parallel
walls of the diffuser
z	 = direction normal to the flow and perpendicular to the parallel
walls of the diffuser
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INTRODUCTION
A diffuser, one of the basic components of systems utilizing fluid flow,
is a device in which the inlet dynamic pressure of a fluid is converted to a
static pressure rise. For subsonic flow, this is done by decelerating the
fluid by means of a gradual 4 ncrease of the cross sectional flow area. It is
desirable to recover as large a part of the entering dynamic pressure as possi-
ble; also, the exiting flow should be as steady as possible. An understanding
of the basic mechanisms which control diffuser performance will lead to the
design of systems which employ techniques to utilize these mechanisms in improv-
ing the efficiency of fluid machines.
The literature contains many studies of diffuser performance such as those
presented by Cockrell (1), McDonald (2) and Sovran (3). Early studies of the
behavior of a diffuser's internal flow were performed by Moore and Kline (4)
and Fox and Kline (5). They found the existence of four operational zones of
a diffuser with a constant ratio of length to throat width. These are: 'first,
a zone of no appreciable stall or separation at the smallest divergence angles;
second, a zone of unsteady flow with three-dimensional transitory separation;
third, a zone of steady, very stable, two-dimensional separation at large diver-
gence angles; and fourth, a zone of two-dimensional jet separation at very large
divergence angles.
The transitory stall regime was further investigated by Smith and Kline (6).
Their experiments were done with both undisturbed and periodically disturbed con-
ditions. One of their significant accomplishments was that, for the undisturbed
inlet condition, the measure washout period was found to be proportional to the
diffuser length and the included angle, and inversely proportional to the area
averaged inlet velocity. Washout is defined in their report as a rapid entrain-
ment and expulsion of a stall from the diffuser by the through flow. For the
of
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periodically disturbed inlet condition, they succeeded in triggering the wash-
out entirely by the pulsed disturbances, where the pulse period ranged from
0.5 to 1.0 times the mean washout period. This result may be applied in regulat-
ing transitory stall, and may be the beginning of a controlled stall study.
Up to the present time, various methods of increasing the pressure recovery
of diffusers have been investigated. When Moore and Kline (4) place one rod
(D/W1 = 1.25) at the lip of the diffuser entrance with 29 = 45 0 , the existing
stall was eliminated, and the pressure recovery coefficient increased from 0.3 to
0.575. It was hypothesized that the rod generated its own vortices which in
turn increased the turbulence level, and thereby improved the performance of
the diffuser. Also, Waitman (7) placed a rod upstream of a diffuser to increase
the turbulence level in the flow. Although the turbulence level and velocity
profile of the core of the flow entering the diffuser was not uniform, an
increase in the peak pressure recovery of the diffuser of 21.5%, and a 38%
increase in the pressure recovery at 29 = 20 0
 was observed. More recently,
Sajben (8) eliminated separation and increased the pressure recovery of a
conical diffuser as much as 16% by mounting a cylinder near the entrance to
a diffuser.
Vortex generators, normally used in flows with adverse pressure gradients
such as in diffusers and on airfoils, mix high energy air from outside the
boundary layer, thereby delaying separation. The trailing vortex of the gen-
erators is the mixing mechanism. Vortex generator designs used to delay separa-
tion are described by Lachmann (9), Brown (10), Woolard (11), Taylor (12) and
Gadetskiy(13). In one study, Senoo and Nishi (14) improved the performance
of their conical diffuser by installing vortex generators three to eight times
the inlet pipe diameter upstream of the diffuser entrance. Vortex generators
arranged to create corotating vortices produced better results as compared to
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vortex generators arranged to produce counterrotating vortices. The pressure
recovery was increased approximately 15% when 28 was 12 0 . They also noted
that the vortex generators could prevent the flow in the conical diffuser from
separating up to a total included angle of 16 0 . The pressure recovery with
vortex generators never significantly exceeded the peak pressure recovery with-
out generators.
Fiedler and Gessner (15) made an experimental investigation and an analyti-
cal study of the effectiveness of tangential fluid injection on the perfor-
mance of two-dimensional diffusers. A significant improvement in the diffuser's
performance by the tangential injection of fluid along the diverging walls was
found at values of N/Wl less than or equal to 4.0. For a large diverging angle
(20 larger than or equal to 200 ), fluid injection located upstream of separation
was found to be more effective, and the net effective performance (jet blowing
power requirement included) was improved.
It is the purpose of this investigation to experimentally correlate turbu-
lence parameters measured at the diffuser inlet with diffuser performance, and
to thereby obtain an understanding of basic mechanisms which improve diffuser
performance. This will lead to the design of systems where separation can be
delayed for both internal and external flows when adverse pressure gradients
exist, and consequently will be used to increase the pressure recovery, decreas-
ing the drag, and/or increase heat transfer in systems utilizing fluid flow.
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EXPERIMENTAL APPARATUS AND PROCEDURE
A. Experimental Apparatus
The experimental system used for the investigation, shown in Figure 1,
consists of a baseplate and topplate for upstream rods, a throat, a straight
channel, a test section, a plenum, a fan, and a noise attenuator. The fluid,
air, is drawn through the system with a 5 horsepower centrifugal fan. The
flow rate is controlled by adjusting a throttle which is located between
the exit section of the fan and the inlet section of the noise attenuator.
Screens and filters located in the plenum are used to improve flow conditions
at the fan inlet. A hot wire anemometer system was used to obtain all vel-
ocity and turbulence measurements.
1. Throat and Straight Channel
The straight channel shown in Figure 2 was constructed out of
clear lucite; the channel width dimension, Wl, is 1.024 in. (2.60 cm).
The channel height/inlet width ratio (b/W1) is 5.86 and the channel
length/inlet width ratio (c/W1) is 4.88. In the channel, boundary layers
develop before entering the test section (diffuser). The channel has
three sets of four pressure taps located upstream of the diffuser's inlet.
The throat of the straight channel has an ASME standard nozzle shape.
Masking tape applied to the throat served to reduce large fluctuations
of boundary layer velocities at the diffuser inlet. It is believed
that the masking tape caused transition from a laminar to a turbulent
boundary layer to begin at the location of the tape rather than ran-
domly along the channel walls.
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2. Diffuser Section
The two-dimensional straight-walled diffuser used for this inves-
tigation was constructed out of clear Lucite and is shown in Figure 2.
The diffuser geometry is fixed by the aspect ratio, b/Wl; and any two
of the four dimensionless geometric parameters: total included angle,
28, wall length ratio, L/W1, center line length/inlet width ratio,
H/W1 and area ratio W2/W1 . Throughout this experiment, the wall length
ratio (L/W l ) remained fixed at a value of 14.7. The two diverging
walls of the diffuser are positioned in the test section between a
baseplate and a lid serving as a ceiling; weights were placed on top of
the lid to insure a leak-free fit.
3. Turbulence Generation
Rods used for the turbulence generation were placed between the
baseplate and topplate upstream of the throat as illustrated in Figure 3.
The rod length/channel height ratio was fixed at 1.71 for all rod sets.
Geometrical information about all upstream rod sets is presented in
Table 1.	 The axes of the rods in rod set KH are parallel to the para-
lel walls of the diffuser, while the axes of all other rod sets are
perpendicular to the parallel walls of the diffuser.
4. Instrumentation
The primary data recorded in this experiment were velocity pro-
files, turbulence levels, correlation coefficients, spectral density
measurements and differential pressures across the diffuser. The velo-
city and turbulence measurements were obtained by using two Model 1010A
Thermo-Systems Incorporated (T.S.I.) constant temperature hot wire
anemometers,two Model 10056 linearizers, a Model 1015A correlator, and
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Hewlett-Packard (HP) Model 3400A true RMS meters. In order to obtain
turbulence quantities averaged for ten second periods, the d.c. output
from the rear panel of the RMS meter was fed into a HP Model 2212A voltage
to frequency converter, and then into a HP Model 5223L electronic counter.
A Hewlett-Packard Model 3581A wave analyzer was used to obtain longitu-
dinal spectral density measurements. Time delays and an electronic
multiplier were constructed and used in the determination of hongi-
tudinal autocorrelation coefficients. A capacitor-induction type delay
line was fabricated for use with time delays of less than 30 u sec.. Reti-
con type TAD-32A and type SAD-1024A analog delay lines were used in the
fabrication of time delay lines of 32p sec. and larger. A Motorola type
MC 1594L multiplier and a type MC 1556G integrator were used in the fab-
rication of the electronic multiplier. In order to obtain the wire's
sensitivity to velocity components parallel to the wire, all inclined
hot wires were calibrated using a T.S.I. Model 1125 calibrator, a Meriam
Model 34FB2 TM micromanometer, and a Doric Model OS-100 digital voltmeter.
B. Procedure
The techniques used to obtain the data presented in this report are pre-
sented below. All data were taken with an inlet Reynolds number, based on
the mass average velocity and width of the channel, of 7.83 x 10 4 . All hot
wire anemometer measurements were obtained with the diffuser walls removed
and with the probe body aligned parallel to the flow.
1. Boundary Layer Parameters
In order to determine the boundary layer characteristics at the
diffuser inlet (Section 1), velocity profiles were obtained at the
channel exit using a single hot wire mounted in a micrometer travers-
6
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ing device. From the data obtained, dimensionless plots of o/Um and
(u/Um ) 2
 versus the dimensionless distance y/W1 were constructed. Based
on these plots, values of boundary layer displacement thickness (d*),
momentum thickness (6**), and shape factor (H) were obtained,
2. Turbulence Measurements
When the velocity readings were recorded, RMS values were simul-
taneously recorded. These data were again normalized by the free-stream
velocity, and became the turbulence levels ( u' /U m) which were also
plotted as a function of y1W1.
Free-stream turbulence levels in the y and z directions were obtained
using both an X-configuration probe, and from the results of single wires
placed perpendicular and inclined 450
 to the mean flow direction. The
relatively large size of the X-wire configuration and inclined 45 0 probes
compared to that of the boundary layer prohibited the use of them within
the boundary layer. Equations presented by Durst (16) were used to calcu-,
late the turbulence intensities.
Free-stream longitudinal correlation coefficients and spectral den-
sity measurements were obtained using a single wire placed normal to the
flow. Values of the longitudinal integral scale of turbulence (X x ) were
obtained by integration of the area under curves of the longitudinal cc 5rre-
lation coefficient versus a distance corresponding to the time delay of
the h6t wire signal (Taylor's hypothesis (17)).
All presented turbulence measurements were obtained using 0,00015 in.
(0.004mm) dia. tungsten wires with a 0.02 in. (0.5mm) sensing length and a
sensing length/total length between the supports ratio of 0.33. T,S,I.
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Model 1210 straight probes, Model 1213 45 0 probes, and Model 1241 "X"
probes for end flow, modified with a 0.005 in. (0.13mm) spacing between
the wires, were used.
As recommended by Rasmussen (18), the 100,000 Hz low pass filter
of the anemometer was used for all hot wire measurements to eliminate
high frequency components of the anemometer self noise. The frequency
at which the closed loop response of the hot wire anemometer system
was attenuated 3db, obtained by the method of Freymuth (19), was in
excess of 40,000 Hz for all hot wires used.
3. D-i"fuser Pressure Rise Measurements
Pressure taps are located 0.25W1 upstream from the end of each
diffuser wall. The pressure ri pe across the diffuser was determined
by taking the difference between this pressure and the value of the
pressure at the exit of the channel (Section 1), obtained by extra-
polating the static pressures measured in the channel. 'This extrapo-
lation utilized the power law relationship for boundary layer growth
W - x0.8 ) (20). A pressure differential between the pressure from
taps located in the topolate and baseplate upstream of the rods and
the extrapolated pressure at Section 1 was used to determine the free-
stream channel velocity and corresponding value of inlet mass average
velocity. The correction associated with the extrapolation of the
channel static pressures increased the diffuser's static pressure
recovery coefficient by a maximum of 1.4 percent. A pressure loss
coefficient across the rods (C( ), normalized by the kenetic energy at
Section 1, was calculated for each rod set using the pressure loss
across a screen as a function of solidity ratio presented by Hoerner
(21). The maximum pressure loss coefficient of any rod set was less
8
1than one percent and was ignored in diffuser static pressure coefficient
calculations. Inclined manometers were used for all pressure measure-
ments.
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RESULTS AND DISCUSSION
A description of the flow characteristics at the diffuser inlet for
the upstream rod sets, results from the pressure recovery measurements
of the diffuser and correlations between the static pressure recovery
coefficients of the diffuser and inlet free-stream turbulence parameters
are described below. A pictorial representation of the flow characteris-
tics at the diffuser inlet is presented in Figure 4.
A. Inlet Velocity and Longitudinal Turbulence Profiles
Typical velocity profiles at the diffuser inlet are presented in
Figure 5. The average dimensionless inlet blockage parameter, 26*/W1,
obtained from the velocity profiles for all rod configurations was 0.040.
The uncertainty in this quantity, obtained using the method of Kline
and McClintock (22) with 20:1 odds, was ± 5% for the no rod case and rod
sets A through D, and was ± 10% for rod sets E through L. The percent
difference from the average value of 26*/W 1 was less than the percent
uncertainty for each rod set. Kline (23) also found small changes in the
velocity profile of a turbulent boundary layer when free-stream longitu-
dinal turbulence intensities were varied to 4% (all presented results have
longitudinal turbulence intensities less than 3.07%). The rod set geome-
tries produced velocity profiles with an average shape factor of 1.56, a
value expected for a turbulent boundary layer in the final stage of trans-
sition. A shape factor of 1.4 would be expected for a fully devcoped tur-
bulent boundary layer, and a shape factor of 2.6 to 2.7 would be expected for
aminar boundary layer (20). A velocity profile obtained using the law
the wall and the velocity defect equation (24) with the same experiment-
y determined displacement thickness is also presented in Figure 5. Velo-
10
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city profiles obtained at several positions (z/b = ± 0.33) produced essen-
tially the same results.
Longitudinal turbulence level traverses within the boundary layer for
the no rod case, and rod sets D, H, and K are presented in Figure 6. The
results indicate that the free-stream turbulence significantly alters the
turbulent structure of the boundary layer. Ahmad (25) found that both the free-
stream turbulence level and the free-stream longitudinal scale of turbulence
significantly alter the turbulence level and the scale of turbulence within
the boundary layer. Turbulence level traverses for turbulent boundary layers
with low free-stream turbulence levels obtained by Klebanoff (26) and
Schubauer (27) are also presented in Figure 6; a reasonably good agreement
with the presented results for the case of no upstream rods is obtained.
All velocity profiles show a uniform core velocity in the center 75
percent of the channel. The region in which turbulence levels were uniform
varied from the center 30 percent of the channel for rod sets with D/W1 =
4.39, to the center 70 percent of the channel for the no rod condition.
B. Free Stream-Turbulence Parameters
Values of the turbulence intensity in the flow direction (\/u __21Um)
and in the y direction ( v'Z/Um) for all of the rod sets are presented
in Table 1. The uncertainties in the measurements are approximately 5 percent
for rod sets A through H and approximately 10 percent for the no rod case
and rod sets I through L. The free-stream turbulence intensities obtained
using the single wire method agree well with those obtained using the X-wire.
The ratio of the free-stream RMS turbulence intensity in the z direction to
the RMS turbulence intensity in the y direction was 0.88 for all rod sets
except for rod set KH, and was 0.75 for rod set KH. The value of the wire's
sensitivity coefficient to velocity components parallel to the wire (16)
varied from 0.16 to 0.20 for the inclined wires used.
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Spectral density curves for the longitudinal component of turbulence are
presented in Figures 7a through 7e. The curves show a broadband turbulence
without peaks of power at any one frequency. The curves for the larger diameter
rods show a larger percentage of low frequency power as compared to the curves
for the smaller diameter upstream rods.
The integral scale of turbulence values, ax, were obtained by integration
under the correlation coefficient curves, examples of which are presented in
Figure 8. Values of the integral scale of turbulence in the flow direction,
transformed dimensionless by dividing by the average inlet boundary layer dis-
placement thickness, are also presented in Table 1. The uncertainty in this
quantity varies from approximately 10 percent for rod sets A through D to
approximately 15 percent for rod sets E through L.
C. Diffuser Performance
Results of the diffuser's static pressure recovery coefficient as a
function of diffuser area ratio and total included divergence angle for
Reneau's results (28) at values of 26*/W 1 of 0.030 and 0.050 are compared
to the results of this study (28*/W 1 = 0.040) for the case of no upstream
rods in Figure 9. Good agreement is achieved for total included divergence
angles less than 40 , although the results of Reneau at a value of 26*/W 1 =
0.040 (an average of Reneau's results at values of 26*/W 1 = 0.030 and 0.050)
are as much as 10 percent lower compared to those of this study in the region
of the peak pressure recovery coefficient. The agreement seems reasonable con-
sidering that the results presented by Reneau are correlations of measurements
from a wide variety of data and that geometrical differences (e.g., the length
of the flexible section of the diffuser's throat) may exist between various
test systems.
12
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Data for the static pressure recovery coefficient at total divergence
angles of 120 and 200 for all of the rod sets are presented in Table 1. The
uncertainty in these coefficients is approximately 5 percent. Static pressure
recovery coefficients are presented as a function of diffuser area ratio in
Figures 10a through 10e. The results indicate that increases in the static
pressure recovery coefficient of 22.8% at 20 = 20 0 , and 11.4% at 29 = 12 0 are
obtained for the K rod set as compared to the no-ror + case. The percentage
increase of Cp at 28 = 200 is more than four times the uncertainty. The peak
pressure recovery coefficient was increased 9.7% and the total included diver-
gence angle corresponding to the peak recovery coefficient increased approxi-
mately 1.5 degrees. Since all rod geometries produce essentially the same
velocity profile at the diffuser's inlet, the increase in diffuser performance
can be attributed to differences in turbulence quantities at the diffuser's
inlet.
Values of Cp at 28 = 12 0 and 200 are presented as a function of u'2/Um
in Figure 11. The values of Cp are relatively insensitive to 	 u-/Um; for
example, the values of Cp vary significantly (0.570 '^ Cp (29 = 20 0 ) :^. 0.700)
for values of 1.75 "^
	 u' 2/Um < 2.14.
Values of C p
 at 20 = 200 are presented as a function of 	 v' 2/Um in
Figure 12 and as a function of	 q' 2/Um in Figure 13. The results show a
general trend of obtaining larger values of Cp with larger values of 72/Um
andq'^/Um, but the trend is not consistent (e.g., rod set E produces rela-
tively high turbulence intensities, but the corresponding values of Cp Ore
lower compared to those obtained with some rod sets producing lower turbulence
intensities. The results show that a threshold turbulence intensity in the y
direction of about 3 percent or a total turbulence intensity of about 2.5 per-
13
cent is required to obtain increases in diffuser performance as compared to
the no-rod case. All of the largest values of Cp (Cp (20 = 12 0 ) > 0.78 and
Cp (29 = 200 > 0.69) were obtained with values of 	 v' 2/Um and	 q'^/Um
equal to or larger than 4.46 and 3.73 percent respectively. It appears that
the turbulence intensity in the y direction and the total turbulence intensity
are important parameters, but are not the only parameters affecting diffuser
performance.
In Figure 14, values of Cp at 29 = 120 and 200 are presented as a function
of ax/S*. The values of Cp show a general trend of obtaining larger values of
Cp with larger values of ax /S*, but again the trend is not consistent. All of
the largest values of C p (Cp (29 = 12 0 ) > 0.78 and C p (29 = 200 ) > 0.68) were
obtained with values of Xx /S* > 7.53 (or with minimum values of ax about 25%
larger than the boundary layer thickness).
T o investigate the existence of a possible correlation between the
pressure recovery coefficient, the scale of turbulence at the diffuser inlet,
and the total RMS turbulence intensity, a graph of these parameters was con-
structed as shown in Figure 15. Values of Cp (29 = 200 ) are listed next to
each data point along with, in parentheses, values of Cp (29 = 12 0 ). A corre-
lation of the data does exist, which shows that larger values of both the
total turbulence intensity and the scale of turbulence in the flow direction
result in larger values of the pressure recovery coefficient. The results
suggest that a larger scale of turbulence more effectively transmits the
free-stream turbulence generated by the rods to the diffuser walls. This
larger scale of turbulence coupled with larger values of the total RMS tur-
bulence intensity could result in a decrease of the distortion within the
diffuser and a delay of separation, which could correspondingly produce
z
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larger values of the pressure recovery coefficient. A study of the effect
of free-stream turbulence on a boundary layer by Arnel (-?9) using free-
stream total turbulence intensities of about 5 percent showed a decrease
in the shape factor of the boundary layer which would correspondingly delay
separation. The curves in Figure 15 show that in order to obtain increases
of C  (20 = 200 ) of 21.1% and increases of C  (20 = 120 ) of 11.4%, minimum
values of ax/8* and d 9' 1/ Um must be 7.5 and 3.5 percent respectively.
The results of this preliminary study suggest that the free-stream
scale of turbulence and turbulence intensity are important parameters, but
these may not be'the only parameters affecting diffuser performance (or the
delay of separation for the case of external flows). In this limited study,
values of the integral scale of turbulence in the y and z directions were
not measured; also 	 3,v'2 was a constant for almost all rod sets,
and	 72 /	 u' 2 > 1.73 for all rod sets. It was observed that the free-
stream turbulence altered the turbulence structure of the boundary lajer;
perhaps other means of altering the turbulence structure of the boundary
layer would result in similar improvements in diffuser performance.
15
..,..... ,.	 a	 i..<^ n*..asrf(e5,ti7fs ^sfl^^i"l'SeT,n%^t :i^"4*^'t'a'^cs?^'Jt. . F. w. , cnq	 sc ?w^F:t..m r	 .;:a	 ^.'.'!mP.h; !+ ! k i,!ra:Y'.§C!f :^;P!iW','bi`Y..r_ `,sF z"r.. r..y,.n^aN9
CONCLUSIONS
An experimental investigation of the influence of free-stream turbu-
lence on the performance of a subsonic two-dimensional diffuser has been
made. The diffuser wall length/inlet width ratio was 14.7 and the inlet
blockage parameter, 26*/W l , was 0.040. The diffuser's pressure recovery
coefficient at a total included divergence angle of 20 0 w as increased
21.1 percent, the peak pressure recovery coefficient w a^s increased 9.7
percent, and the total included divergence angle corresponding to the peak
pressure recovery coefficient was increased approximately 1.5 degrees
when values of the inlet free-stream integral scale of turbulence in the
flow direction were greater than 7.5 times the inlet boundary layer dis-
placement thickness, and when the inlet total turbulence intensity was
greater than 3.5 percent. The free-stream turbulence was found to signi-
ficantly affect the turbulence intensities within the boundary layer, but
did not significantly alter the velocity profile of the boundary layer
at the diffuser's inlet. The results of the study suggest basic mechan-
isms that can be used to delay separation. They may be applicable for both
internal and external flows for improvement of heat transfer and/or lift,
drag or pressure recovery coefficients when the turbulence is generated
with low losses (e.g., near stagnation regions).
16
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FUTURE INVESTIGATIONS
In this preliminary study, a correlation between free-stream turbulence
parameters and improved diffuser performance has been found. Some future
possible studies are listed below.
1. Measurement of the integral scale of turbulence in the
y and z directions will indicate if correlations between
these parameters, or eddy volume, and diffuser performance
exist.
2. Measurement of the turbulence parameters within the boundary
layer and free-stream turbulence-boundary layer interactions
within the diffuser may aid the understanding of the basic
mechanisms which cause the increases in diffuser performance.
If the turbulence conditions within the boundary layer which
correlate with high diffuser performance are known, then these
conditions may be able to be obtained without free-stream tur-
bulence. This study would show if free-stream turbulence is
necessary for improved diffuser performance, or is only a mech-
anism used to alter the boundary layer characteristics within
the diffuser.
3. Observe the influence of free-stream turbulence on diffuser
performance using different values of 26*/W 1 , L/W 1 , and
v' 2 / \ w' 2 as compared to those used in this study.
4. Study the effect of free-stream turbulence with external
flows. The generation of turbulence using serrations
near stagnation regions of airfoils or automobiles, or
by other methods, may lead to improved lift and drag coe-
ficients.
17
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5. Mathematical modeling of free-stream turbulence-boundary
layer interactions--may -Y:ead to the detection of important
governing parameters, and to the extent of possible improve-
ments with these parameters.
Flow visualization studies will help to understand the
basic mechanisms involved in improving diffuser performance.
7. Additional studies using upstream rods with their axes posi-
tioned parallel to the parallel walls of the diffuser may
indicate if the orientation of the axes of the rods and corres-
ponding axes of the vortices is an important parameter affect-
ing diffuser performance. If two rod sets with different rod
axis orientations produce the same free-stream turbulence inten-
sities and scales of turbulence but different pressure recovery
coefficients, then one could attribute the difference in diffuser
performance to the orientation of the axes of the vortices.
18
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